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Objectives. The study was performed to document that atrio-
ventricular node reciprocating tachycardia (AVNRT) can be as-
sociated with eccentric retrograde left-sided activation, masquer-
ading as tachycardia using a left accessory pathway.
Background. The eccentric retrograde left-sided activation dur-
ing tachycardia is thought to be diagnostic of the presence of a left
free wall accessory pathway. However, it is not known whether
AVNRT can occur with eccentric retrograde left-sided activation.
Methods. We studied 356 patients with AVNRT who underwent
catheter ablation. Retrograde atrial activation during tachycardia
and ventricular pacing were determined by intracardiac record-
ings, including the use of a decapolar coronary sinus catheter.
Results. The retrograde atrial activation was eccentric in 20
patients (6%). Eight of these patients had the earliest retrograde
atrial activation recorded in the lateral coronary sinus leads, and
12 had the earliest retrograde atrial activation recorded in the
posterior coronary sinus leads, with the most proximal coronary
sinus electrode pair straddling the coronary sinus orifice. These
tachycardias were either the fast-slow or the slow-slow form of
AVNRT. The slow-fast form of AVNRT was also inducible in 17 of
the 20 patients. Successful ablation of the slow pathway in the
right atrial septum near the coronary sinus ostium prevented the
induction and clinical recurrence of reciprocating tachycardia in
all patients.
Conclusions. Atypical AVNRT with eccentric retrograde left-
sided activation was demonstrated in 6% of all patients with
AVNRT masquerading as tachycardia using a left-sided accessory
pathway. Ablation of the slow pathway at the posterior aspects of
the right atrial septum resulted in a cure in these patients.
(J Am Coll Cardiol 1997;30:218–25)
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It has been hypothesized that a dual atrioventricular (AV)
conduction system is present in (1–3), and that functional
longitudinal dissociation of the dual pathway can result in,
reciprocating tachycardia (RT) (4–8). In typical atrioventric-
ular node reciprocating tachycardia (AVNRT), the slow path-
way (SP) conducts in the anterograde direction and the fast
pathway (FP) in the retrograde direction. In atypical AVNRT,
the FP conducts in the anterograde direction, whereas the
SP is used in the retrograde direction (9). Because the FP is
located near the interatrial septum and the SP is located near
the coronary sinus (CS) (10), the earliest retrograde atrial
activation is recorded in the interatrial septum in typical
AVNRT (11) and at the CS ostium in atypical AVNRT (10). In
recent years, however, the traditional views of dual AV nodal
pathways have been challenged. It is now generally believed
that multiple pathways are present. Some of these pathways
may involve perinodal regions that are outside the traditional
SP and FP locations (12–17). Each pathway may be associated
with a different form of AVNRT. However, the characteristics
of these perinodal pathways have not been fully defined.
Anatomic and histologic studies (18–20) have demonstrated
that the perinodal region is heavily populated by the transi-
tional cells. These cells are also present in the deeper layer of
the atrial septum and may serve as the electric connection
between the left atrium and the compact AV node. To
determine whether these left-sided pathways are present, we
inserted decapolar catheters in the CS to register retrograde
atrial activation sequences during AVNRT. The results were
used to test the following hypotheses: 1) There are multiple
atrial inputs to the AV node. 2) Some of these pathways are
located deep in the atrial septum or even in the AV groove
along the left atrial free wall. 3) Because of the presence of
these pathways, AVNRT may be associated with eccentric
retrograde atrial activation sequences, masquerading as AV
RT using a left free wall accessory pathway (AP). 4) Selective
SP ablation can eliminate the AVNRT with eccentric retro-
grade atrial activation sequences.
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Methods
Consecutive patients undergoing radiofrequency catheter
ablation for all forms of AVNRT from January 1993 to
February 1996 were included in the study. Written informed
consent was obtained before the study. The electrophysiologic
study and the radiofrequency catheter ablation were per-
formed in the same session. All antiarrhythmic drugs had been
discontinued for at least five half-lives. A 7F lumen decapolar
catheter (Cordis-Webster) was inserted into the CS through
the right internal jugular vein. The 10 poles on the decapolar
catheter form five bipolar recording pairs. The distance be-
tween two bipoles was 2 mm, and the distance between two
bipolar recording pairs was 5 mm. Bipolar pair 1 was the most
distal pair and bipolar pair 5 was the most proximal pair. The
proximal pair of electrodes was positioned at the CS ostium
and the location was confirmed by a CS angiogram in all
patients. In the earlier studies, only three or four bipolar pairs
were connected to the recording system because of technical
limitations. When three pairs were used, they were bipolar
pairs 1, 3 and 5. When four pairs were used, they were bipolar
pairs 1, 2, 4 and 5.
Figure 1 shows the catheter placement. Figure 1A shows
the CS angiogram with the CS catheter in place. Once the CS
catheter was positioned, the venous sheath was sutured or
taped to the skin for fixation. The catheter was then taped to
the sheath to maintain the same position throughout the study.
Three 6F or 7F quadripolar catheters (Cordis-Webster) were
introduced percutaneously through the femoral veins. The
catheters were placed under fluoroscopic guidance to the high
right atrium, AV junction and right ventricular apex for local
electrogram recording and pacing (Fig. 1B). The electrograms
and fluoroscopic images were recorded by an Arrhythmia
Research Technology CardioLab System. Cine films were also
obtained in some patients to record the catheter locations. The
electrogram signals were filtered at 30 to 500 Hz, and were
digitized at 979 samples/s with 12 bits of accuracy. The
activation times were determined by the usual criteria (21).
Standard pacing techniques were used at the high right
atrium, CS and right ventricular apex to evaluate the antero-
grade and retrograde dual AV node properties and the induc-
tion of RT. Isoproterenol (1 to 5 mg/min) was used to facilitate
the induction of AVNRT if baseline pacing failed to induce
RT. In patients with an eccentric retrograde atrial activation
sequence, adenosine (6 to 12 mg) was given during high right
atrial and ventricular apex pacing and during RT. The results
of this test were used to identify the site of block immediately
before termination of RT, and also to create complete AV
conduction block to demonstrate the absence of an adenosine-
insensitive AP (22). Patients were excluded from the study if
there was one or more features suggesting the presence of an
AP (23), such as ventricular pre-excitation during atrial pacing,
lengthening of the ventriculoatrial (VA) interval during bundle
branch block, advancement of atrial activation by a premature
ventricular contraction occurring during His bundle refracto-
riness, recording of an AP potential (24) or successful elimi-
nation of RT by delivering radiofrequency energy anywhere
other than the low right atrial septum.
AVNRT was diagnosed if the following criteria were met:
1) There was no evidence for the presence of an AP by the
criteria mentioned previously. 2) A narrow QRS complex RT
was inducible by single or double premature atrial stimulation
or rapid atrial pacing with or without isoproterenol infusion. 3)
The RT could be terminated by rapid atrial or ventricular
pacing. 4) SP ablation (25) prevented reinduction of RT with
and without isoproterenol infusion. In most patients, there was
an AV or VA “jump,” or both, defined by the prolongation of
the AH or HA interval by 50 ms, whereas the S1 to S2 intervals
were shortened by 10 ms, preceding the onset of RT (5,26,27).
However, because a 50-ms jump does not have to occur in
every patient with AVNRT (28), this was not used as a
criterion for diagnosing AVNRT at our institutions.
The AVNRT was classified according to intracardiac re-
Figure 1. Catheter location. The image was
recorded by cine film in the left anterior
oblique projection. A, CS angiogram taken
immediately after placement of the decapo-
lar catheter. Arrow points to the location of
the most proximal bipolar electrode, which
was at the orifice of the CS. B, Location of
all catheters at the time of successful SP
ablation. ABLATION 5 ablation catheter;
HIS 5 His Bundle electrogram; HRA 5
high right atrium; RV 5 right ventricle.
Abbreviations and Acronyms
AP 5 accessory pathway
AV 5 atrioventricular
AVNRT 5 atrioventricular node reciprocating tachycardia
CS 5 coronary sinus
FP 5 fast pathway
RT 5 reciprocating tachycardia
SP 5 slow pathway
VA 5 ventriculoatrial
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cordings into the slow-fast form (“typical”) (5,27), fast-slow
form (“atypical”) (9,26,29) and slow-slow form (13), based on
the AH and HA intervals measured at the His bundle elec-
trode. The slow-fast form was diagnosed if the retrograde
conduction during RT was associated with a short VA interval
(,60 ms) (29,30) and the AH interval was longer than the HA
interval. The fast-slow form was diagnosed if 1) the tachycardia
was not initiated by a sudden (50 ms) jump of the AH interval
(9,26); 2) the retrograde VA interval during RT was .60 ms
(13); and 3) the HA interval was longer than the AH interval
during the RT. The slow-slow form (13) was diagnosed if the
anterograde conduction fulfilled the criterion of SP conduc-
tion, including a sudden jump of the AH interval at the
initiation of RT, but the retrograde VA interval was .60 ms
and the AH interval was greater than the HA interval during
RT.
Determination of earliest retrograde atrial activation. The
earliest retrograde atrial activation during RT and during
ventricular pacing was determined by analyzing the times of
atrial activation registered by intracardiac catheters. A concen-
tric retrograde atrial activation sequence was thought to be
present if the earliest retrograde A wave was registered either
at the anterior atrial septum (His A) or at the posterior atrial
septum (CS ostium A). An eccentric retrograde atrial activa-
tion sequence was thought to be present if the earliest atrial
activation was registered inside the CS, at bipolar pairs 1 to 4
(electrodes 1 to 8) of the CS catheter.
Radiofrequency catheter ablation. A 7F quadripolar cath-
eter (Cordis-Webster) with a 4-mm tip was used for mapping
and for radiofrequency catheter ablation. Slow pathway abla-
tion was performed using a standard right atrial septum
approach, guided by the SP potential (25,31). In all patients,
the mapping was performed in a stepwise fashion from the
tricuspid annulus toward the CS ostium. We then gradually
moved the catheter toward the mid-point between the His and
CS ostium electrodes. When SP potentials were registered by
the distal electrodes, 25 W energy was applied for 15 s. If an
accelerated junctional rhythm was not observed, the energy
application was stopped and mapping was continued. If an
accelerated junctional rhythm was observed, the energy
application was continued to complete a total of 60 s. Pacing
was then performed to document the successful ablation of
the SP and the inability to reinduce AVNRT. The end point
of ablation was noninducibility of RT (25,31) by pacing at
baseline and during isoproterenol infusion. The fluoroscopic
image associated with a successful ablation site was re-
corded by computer or cine film. The patients were followed
up monthly for the first 3 months either by telephone or
outpatient visits, and thereafter only based on the recur-
rence of symptoms.
Statistical analysis. The unit of statistical analysis is the
patient. Results are expressed as mean value 6 SD. Nonpaired
t tests were used to compare the means of the electrophysi-
ologic variables. A p value #0.05 was considered significant.
Results
A total of 356 consecutive patients with AVNRT were
included in the study. Of these, 310 patients had only the
typical form of AVNRT, and 46 had at least one episode of
the atypical form of AVNRT inducible during the study. Of the
356 patients, 20 had eccentric retrograde atrial activation
sequences during either the slow-slow or fast-slow forms of
AVNRT (Table 1). In 17 of these 20 patients, the classic
(slow-fast) form of AVNRT with concentric retrograde atrial
activation sequences was also inducible. There were significant
differences of the electrophysiologic characteristics of these
two kinds of AVNRT (Table 2). Transient left bundle branch
block in 2 patients and right bundle branch block in 4 patients
during RT did not change the VA interval or cycle length of
RT. The P wave during the atypical form of AVNRT was
usually negative in leads I, II and aVF and positive in lead V1.
There were no significant differences of P wave configurations
between AVNRT with or without eccentric retrograde atrial
activation sequences.
Only one patient had recurrence of RT 6 months after the
procedure. Although both forms of AVNRT (slow-slow and
slow-fast) were observed during the first electrophysiologic
study, only the typical slow-fast form of AVNRT was inducible
Table 1. Clinical Characteristics of 20 Study Patients
Male/female 4/16
Age (yr) 56 6 8
Range 34–72
Follow-up 14 6 7
RF energy applications 4 6 2
Recurrences 1
Data presented are mean value 6 SD, range or number of patients. RF 5
radiofrequency.
Table 2. Electrophysiologic Characteristics of Typical
Atrioventricular Node Reciprocating Tachycardia and
Atrioventricular Node Reciprocating Tachycardia With Eccentric
Retrograde Atrial Activation Sequences
Typical
AVNRT
AVNRT With
Eccentric Retrograde
Atrial Activation
Sequences
p
Value
Tachycardia CL (ms)
Mean 6 SD 342 6 39 384 6 32 ,0.005
Range 282–437 320–464
AH interval (ms)
Mean 6 SD 292 6 42 232 6 21 ,0.001
Range 241–379 167–296
HA interval (ms)
Mean 6 SD 49 6 5 187 6 29 ,0.001
Range 41–58 148–287
RP interval (ms)
Mean 6 SD 40 6 12 168 6 32 ,0.001
Range 0–80 120–320
AVNRT 5 atrioventricular node reciprocating tachycardia; CL 5 cycle
length.
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during the second study, with concentric retrograde activation
sequences. The SP was again successfully ablated and the
patient had no further recurrence of symptoms.
Eccentric retrograde atrial activation. Anterograde and
retrograde dual AV node physiology was demonstrated in all
20 patients. In eight of the 20 patients, the earliest retrograde
atrial activation in at least one episode of AVNRT was
registered in bipolar pairs 1 and 2, corresponding to electrodes
1 to 4 of the decapolar CS catheter. These locations corre-
sponded to the left atrial free wall. In the remaining 12
patients, the earliest retrograde atrial activation was registered
in bipolar pairs 3 and 4, corresponding to electrodes 5 to 8 of
the decapolar CS catheter, during at least one episode of
AVNRT. These electrode locations were compatible with
eccentric retrograde atrial activation in the posterior left
atrium. The eccentric retrograde atrial activation sequences
were associated with slow-slow AVNRT in 11 patients and with
fast-slow AVNRT in nine patients.
Figures 2 and 3 show electrograms of our first patient with
eccentric retrograde atrial activation sequences. Figure 2A
shows that, during sinus rhythm, the atrial activation started
from the high right atrium, then progressed to the His bundle
region, followed by activations in the CS region. This finding is
compatible with the correct electric connections of individual
CS electrodes to the recording system. Figures 2B and 2C show
the induction of slow-fast and slow-slow AVNRT, respectively,
by atrial premature stimulation during the same study.
Figure 3 shows additional electrograms of the same patient
shown in Figure 2. Figure 3, A and B, shows that during the
same episode of RT, the earliest retrograde atrial activation
changed from the middle electrodes (Fig. 3A) to the most
distal two bipolar electrode pair (Fig. 3B) in the CS catheter.
Therefore, the sites of earliest retrograde atrial activation were
not fixed but moved from one place to another during the same
study. The cycle lengths of the RT also changed but were not
all due to the changes of the retrograde VA interval. The VA
intervals during AVNRT with eccentric retrograde atrial acti-
vation sequence in this patient as well as in the remaining 18
patients were all .60 ms. Figure 3C shows the retrograde atrial
activation sequences during a different episode of RT. The
activation was clearly eccentric, with the most distal CS
electrodes recording the earliest activations. However, the
bipolar electrogram configuration and the timing sequence
among each other were different from that shown in Figure 3,
A and B.
Figure 4A shows the activation sequences during catheter-
induced ventricular tachycardia from the left ventricle in the
same patient as shown in Figures 2 and 3. Figure 4B shows the
retrograde activation sequences during left ventricular pacing
after successful SP ablation in the same patient. In both panels
there was retrograde VA Wenckebach conduction block. Left
ventricular pacing was performed in the first three of the 20
patients and demonstrated VA conduction with Wenckebach
cycle lengths of 425 to 500 ms.
When paced from the right ventricular apex, 14 patients
had baseline VA conduction. The VA conduction was demon-
strable in the remaining six patients during isoproterenol
infusion. During S1 to S2 pacing from the right ventricular
apex, 17 patients had decremental conduction due to HA
interval prolongation, with eccentric retrograde atrial activa-
tion sequences. We did not observe HA dissociation during
ventricular pacing. In these 17 patients, the retrograde atrial
activation sequences were the same during pacing and during
RT. In the remaining three patients, the retrograde atrial
activation was less eccentric during ventricular pacing than
during RT, and retrograde His was not seen during pacing.
After ablation, the VA conduction remained eccentric but the
Figure 2. AVNRT. A, Normal activation sequences during sinus
rhythm. B and C, Induction of the slow-fast and slow-slow forms of
AVNRT, respectively, by atrial premature stimulation. The slow-slow
form was associated with an eccentric retrograde atrial activation
sequence (see also Fig. 3). HIS DIST 5 distal bipolar pair of the His
bundle electrode; HRA 5 high right atrium; RVA 5 right ventricular
apex. S1 5 baseline stimulation; S2 5 premature stimulation.
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VA Wenckebach cycle length was prolonged compared with
baseline (from 368 6 47 ms to 503 6 58 ms, p , 0.001). Figure
5 shows the fluoroscopic image of the catheter location regis-
tered during the same study as that shown in Figures 2 to 4.
Figure 6 shows another example of eccentric retrograde
atrial activation. Panel A shows that during sinus rhythm, the
AH interval was 71 ms and the HV interval was 46 ms. Panel
B shows the induction of sustained fast-slow AVNRT by single
atrial premature stimulus. The earliest retrograde atrial acti-
vation was located in the distal CS (arrows). Slow pathway
ablation prevented the recurrences of the RT in this patient.
The CS angiogram during the study showed that the proximal
CS electrodes were near the septum, whereas the distal
electrodes were in the left ventricular free wall location. The
retrograde atrial activation sequence during ventricular pacing
remained eccentric after ablation.
In each patient, the location of the CS catheter during the
study was confirmed by fluoroscopic images throughout the
study. There was no significant dislocation of the catheter
when the recordings were made. Premature ventricular con-
tractions did not advance the atrial electrogram during RT,
and adenosine resulted in complete VA and AV blocks. Except
for the eccentric retrograde atrial activation sequence, there
was no evidence to suggest the presence of a left-sided AP.
The patient shown in Figures 2 to 4 was the first patient
identified with eccentric retrograde atrial activation. In this
patient and in two additional patients, the diagnosis of a
left-sided AP was made during the study based on the presence
of eccentric retrograde atrial activation sequences. Therefore,
the left ventricular free wall region first received radiofre-
quency energy applications targeting the earliest retrograde
atrial activation sites. No AP or SP potentials were recorded in
these sites. All energy applications failed to terminate the RT
or prevent its induction. Later during the study both typical
and atypical AVNRT were induced. Slow pathway ablation was
then performed according to standard protocols, with the
ablation catheter positioned in the posterior region of the right
atrial septum. After ablation, no RT was inducible with and
without isoproterenol infusion. Because of this experience, in
subsequent patients the radiofrequency energy was applied
only in the SP region. Successful SP ablation prevented the
induction of RT in all remaining patients.
In three patients, a typical slow-fast form of AVNRT was
induced only after the successful SP ablation that terminated
the slow-slow AVNRT. In these patients, the second SP was
successfully ablated at a different site in the right atrial septum.
If we look at the CS from a 45° right anterior oblique view, the
most common sites of successful SP ablation were located
between the 3 o’clock position of the CS orifice and the
tricuspid annulus. In all 20 patients, SP ablations resulted in
the abolishing of all forms of RT. None of the patients received
radiofrequency energy application inside the CS.
Discussion
Eccentric retrograde atrial activation sequence. Of all
methods used to localize APs, Gallagher et al. (23) found the
sequence of retrograde atrial activation recorded during ven-
tricular pacing and during RT to be most helpful. This
Figure 3. Eccentric retrograde atrial activation sequence during
AVNRT in the same patient as that in Figure 2. A, During one episode
of slow-slow AVNRT, the earliest retrograde atrial activation was in
the mid-CS. B, The site of the earliest retrograde atrial activation
moved to more distal CS sites during the same episode of tachycardia.
C, During a different episode of tachycardia in the same study, the
earliest retrograde atrial activation was at the distal CS. Abbreviations
as in Figure 2.
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hypothesis was based on the observation that the normal
sequence of retrograde atrial activation (23) started from the
orifice of the CS, on the atrial septum near the His bundle, or
was simultaneous at these two sites. Compared with this
normal sequence of retrograde atrial activation, the presence
of eccentric retrograde atrial activation is highly suggestive of
the presence of an AP.
In this study, however, we demonstrated that 20 (6%) of the
356 patients with AVNRT had eccentric retrograde atrial
activation sequences during RT. In 12 of the 20 patients, the
earliest retrograde atrial activation occurred in bipolar pairs 3
and 4, compatible with the activation near the left side of the
septum. Similar results have been reported by other investiga-
tors (25,32). However, in 8 of the 20 patients in the present
study, the earliest retrograde atrial activation during RT was
registered by the distal CS electrodes. An alternative explana-
tion for eccentric retrograde atrial activation during AVNRT is
the presence of a bystander left-sided AP. However, this
explanation is not supported by the absence of VA conduction
during the baseline pacing in 6 of the 20 patients and the
presence of decremental conduction due to the HA prolonga-
tion during ventricular pacing in all patients.
This phenomenon has not been previously reported and
could result in the misdiagnosis of the mechanisms of RT. The
advent of radiofrequency ablation techniques have significantly
increased the number of patients undergoing electrophysi-
Figure 4. Eccentric retrograde atrial activation se-
quences during left ventricular pacing in the same
patient as that in Figures 2 and 3. A, VA Wenckebach
with varying degrees of eccentricity of retrograde
atrial activation during short runs of ventricular
tachycardia induced during manipulation of the ab-
lation catheter in the left ventricle. B, Retrograde
atrial activation sequences during left ventricular
pacing with a cycle length of 500 ms, obtained after
successful SP ablation. Other abbreviations as in
Figure 2.
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ologic studies for supraventricular tachycardia. The increased
case load may have helped us to identify a small subset of
patients with unusual electrophysiologic characteristics. Based
on the results of this study, both AVNRT and AVRT may be
associated with an earliest retrograde atrial activation in the
left atrium. Therefore, other methods of validation (23) must
be used to demonstrate the presence of an AP before applying
radiofrequency energy in the left AV junction in these patients.
The mechanisms by which eccentric retrograde atrial acti-
vation occurs during AVNRT are unclear. The most likely
cause is that the perinodal transitional cells (18–20) docu-
mented in the histologic studies are not electrically silent and
serve as an atrial input to the compact node. In a recent study
of an animal model McGuire et al. (33) demonstrated that cells
around both AV annuli have electrophysiologic properties that
resemble the AV node cells. These cells may form the sub-
strate of the SP and serve as inputs to the AV node. During
AVNRT, the electric impulse could find its way from the AV
junctional region into the left atrial annulus through these
cells. Depending on the site of insertion of these cells, the
apparent sequences of activation recorded by the CS catheter
could be eccentric. These left atrial exit sites in some patients
can differ during ventricular pacing and during RT, suggesting
that anterograde and retrograde exit sites of these atrial inputs
Figure 5. Fluoroscopic image of catheter location from the same
patient as that in Figures 2 to 4, during the same study. This image
(anteroposterior projection) was recorded by the Arrhythmia Re-
search Technology CardioLab System. The His bundle electrodes
(HIS) and the distal CS electrodes were far apart, indicating that the
distal CS electrodes were in the left ventricular free wall location.
Other electrodes were not clearly shown in this figure.
Figure 6. Eccentric retrograde atrial activation sequence during
AVNRT in a different patient from that shown in Figures 2 and 3. A,
Activation registered during sinus rhythm. The atrial electrogram on
both the His bundle and the CS catheters showed proximal (prox) to
distal (dist) activation sequences, compatible with appropriate catheter
placement. The AH interval was 71 ms and the HV interval was 46 ms.
B, Induction of sustained AVNRT. Arrows point to the earliest
retrograde atrial activation, which was in the distal CS. Other abbre-
viations as in Figure 2.
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were different. Whether these left-sided atrial inputs partici-
pate in the RT circuit is unclear. However, in three patients we
have attempted radiofrequency catheter ablation near the CS
electrodes that registered the earliest retrograde A wave.
These attempts failed to eliminate the RT. In comparison,
selective SP ablation successfully prevented the reinduction of
AVNRT in all 20 patients. These findings indicate that the low
right atrial septum served as part of the reentrant circuit,
whereas the left atrium, which is distant from the ablation
electrode during the SP ablation, was not critically involved in
reentry.
If the eccentric retrograde activation is indeed due to the
presence of AV node-like cells around the AV annuli, then it
should be possible for some patients with AVNRT to have
eccentric retrograde atrial activation sequence along the right
AV annulus as well. However, because we did not perform
mapping in that area, whether right-sided eccentric retrograde
activations also occur in AVNRT is unknown.
Conclusions. Multiple SPs are present in the AV junc-
tional region, and several different forms of AVNRT may
coexist in some patients. In 6% of our patients the atypical
form of AVNRT with eccentric retrograde left-sided activation
sequences was demonstrated, masquerading as tachycardia
using a left-sided accessory pathway. A cure of this form of
AVNRT can be achieved by delivering radiofrequency energy
at areas anterior or adjacent to the CS ostium without the need
for ablation in the left AV annulus.
We thank Carol Vaughn, RN, and Stanley Conte, RN, for their technical
assistance, and Elaine Lebowitz, BA, for her secretarial assistance.
References
1. Moe GK, Preston JB, Burlington H. Physiologic evidence for a dual A-V
transmission system. Circ Res 1956;4:357–75.
2. Mendez C, Han J, Garcia de Jalon PD, Moe GK. Some characteristics of
ventricular echoes. Circ Res 1965;16:562–81.
3. Janse MJ, van Capelle FJL, Freud GE, Durrer D. Circus movement within
the AV node as a basis for supraventricular tachycardia as shown by multiple
microelectrode recording in the isolated rabbit heart. Circ Res 1971;28:403–
14.
4. Mignone RJ, Wallace AG. Ventricular echoes: evidence for dissociation of
conduction and reentry within the AV node. Circ Res 1966;19:638–49.
5. Denes P, Wu D, Dhingra R, Amat-y-Leon F, Wyndham C, Rosen KM. Dual
atrioventricular nodal pathways: a common electrophysiological response. Br
Heart J 1975;37:1069–76.
6. James TN. Morphology of the human atrioventricular node, with remarks
pertinent to its electrophysiology. Am Heart J 1961;62:756–71.
7. Sheinman MM, Gonzalez R, Thomas A, Ullyot D, Bharati S, Lev M.
Reentry confined to the atrioventricular node: electrophysiologic and ana-
tomic findings. Am J Cardiol 1982;49:1814–8.
8. Goldreyer BN, Bigger JT Jr. Site of reentry in paroxysmal supraventricular
tachycardia in man. Circulation 1971;43:15–26.
9. Wu D, Denes P, Amat-y-Leon F, Wyndham CRC, Dhingra R, Rosen KM.
An unusual variety of atrioventricular nodal re-entry due to retrograde dual
atrioventricular nodal pathways. Circulation 1977;56:50–9.
10. Sung RJ, Waxman HL, Saksena S, Juma Z. Sequence of retrograde atrial
activation in patients with dual atrioventricular nodal pathways. Circulation
1981;64:1059–67.
11. Agha AS, Castellanos AM, Sung RJ, Castillo CA, Myerburg RJ, Castellanos
A. Bipolar catheter electrograms for study of retrograde atrial activation
pattern in patients without pre-excitation syndromes. Br Heart J 1976;38:
641–5.
12. Dopirak MR, Schaal SF, Leier CV. Triple AV nodal pathways in man?
J Electrocardiol 1980;13:185–8.
13. Goldberger J, Brooks R, Kadish A. Physiology of “atypical” atrioventricular
junctional reentrant tachycardia occurring following radiofrequency catheter
modification of the atrioventricular node. PACE 1992;15:2270–82.
14. Kuck K, Kuch B, Bleifeld W. Multiple anterograde and retrograde AV nodal
pathways: demonstration by multiple discontinuities in the AV nodal con-
duction curves and echo time intervals. PACE 1984;7:656–62.
15. McGuire MA, Yip ASB, Lau K, et al. Posterior (“atypical”) atrioventricular
junctional reentrant tachycardia. Am J Cardiol 1994;73:469–77.
16. Langberg JJ, Kim YN, Goyal R, et al. Conversion of typical to “atypical”
atrioventricular nodal reentrant tachycardia after radiofrequency catheter
modification of the atrioventricular junction. Am J Cardiol 1992;69:503–8.
17. Sebag C, Chevalier P, Davy JM, Laine JF, Motte G. Triple antegrade nodal
pathway in a patient with supraventricular paroxysmal tachycardia. J Elec-
trocardiol 1986;19:85–90.
18. Anderson RH, Becker AE, Brechenmacher C, Davies MJ, Rossi L. The
human atrioventricular junctional area: a morphological study of the A-V
node and bundle. Eur J Cardiol 1975;3:11–25.
19. Meijler FL, Janse MJ. Morphology and electrophysiology of the mammalian
atrioventricular node. Physiol Rev 1988;68:608–47.
20. Linuma H, Dreifus LS, Mazgalev T, Price R, Michelson EL. Role of the
perinodal region in atrioventricular nodal reentry: evidence in an isolated
rabbit heart preparation. J Am Coll Cardiol 1983;2:465–73.
21. Josephson ME, Seides SF. Clinical Cardiac Electrophysiology: Techniques
and Interpretations. Philadelphia: Lea & Febiger, 1979.
22. Lerman BB, Belardinelli L. Cardiac electrophysiology of adenosine: basic
and clinical concepts. Circulation 1991;83:1499–1509.
23. Gallagher JJ, Pritchett ELC, Sealy WC, Kasall J, Wallace AG. The preex-
citation syndromes. Prog Cardiovasc Dis 1978;22:285–327.
24. Jackman WM, Friday KJ, Yeung-Lai-Wah JA, et al. New catheter technique
for recording left free-wall accessory atrioventricular pathway activation:
identification of pathway fiber orientation. Circulation 1988;78:598–611.
25. Jackman WM, Beckman KJ, McClelland JH, et al. Treatment of supraven-
tricular tachycardia due to atrioventricular nodal reentry, by radiofrequency
catheter ablation of slow-pathway conduction. N Engl J Med 1992;327:
313–8.
26. Sung RJ, Styperek JL, Myerburg RJ, Castellanos A. Initiation of two distinct
forms of atrioventricular nodal reentrant tachycardia during programmed
ventricular stimulation in man. Am J Cardiol 1978;42:404–15.
27. Wu D. Dual atrioventricular nodal pathways: a reappraisal. PACE 1982;5:
72–89.
28. Sheahan RG, Klein GJ, Yee R, Le Feuvre CA, Krahn AD. Atrioventricular
node reentry with ‘smooth’ AV node function curves. Circulation 1996;93:
969–72.
29. Gomes JAC, Dhatt MS, Rubenson DS, Damato AN. Electrophysiologic
evidence for selective retrograde utilization of a specialized conducting
system in atrioventricular nodal reentrant tachycardia. Am J Cardiol 1979;
43:687–98.
30. Benditt DG, Pritchett ELC, Smith WM, Gallagher JJ. Ventriculoatrial
intervals: diagnostic use in paroxysmal supraventricular tachycardia. Ann
Intern Med 1979;91:161–6.
31. Haissaguerre M, Gaita F, Fischer B, et al. Elimination of atrioventricular
nodal reentrant tachycardia using discrete slow potentials to guide applica-
tion of radiofrequency energy. Circulation 1992;85:2162–75.
32. McGuire MA, Bourke JP, Robotin MC, et al. High resolution mapping of
Koch’s triangle using sixty electrodes in humans with atrioventricular
junctional (AV nodal) reentrant tachycardia. Circulation 1993;88:2315–28.
33. McGuire MA, de Bakker JMT, Vermeulen JT, et al. Atrioventricular
junctional tissue—discrepancy between histological and electrophysiological
characteristics. Circulation 1996;94:571–7.
225JACC Vol. 30, No. 1 HWANG ET AL.
July 1997:218–25 AVNRT WITH LEFT-SIDED ACTIVATION
